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Agriculture’s role in contributing phosphorus (P) to surface water impairment has increased, as evidenced
by recent high profile harmful algal bloom outbreaks. In addition, an inability to meet targeted nutrient load
reductions in large basins, such as Chesapeake Bay, Lake Erie, and Mississippi River, has brought into
question the effectiveness of current and future conservation strategies designed to mitigate such loads.
Farms in Canada and the U.S. remain among the most productive in the world, but projected population
growth that is expected to be more affluent, will further pressure farmers to maximize yields. At the same
time, increased pressures are being placed on farmers to be environmental stewards. However, despite a
long history of soil and water P research, management questions still exist and water-use impairment
continues as a result of P enrichment of soil-water systems. This leads to the recognition of several
paradoxes related to the management of agricultural P.
A FINITE RESOURCE AND ENVIRONMENTAL ABUNDANCE PARADOX
Phosphorus is a finite resource with an expected life of 300 years using modern mining technologies before
currently known economically-extractable supplies are depleted. Despite the successes in achieving global
P distribution, profound inequalities remain, with P deficits occurring across 30% of global cropland.
Indeed, the poverty and food insecurity across the developing world is largely coincident with P deficits in
agricultural soils. At the same time that we are dealing with potential food security issues with supplies of
P-containing ores limited to only a handful of countries, we are dealing with water quality impairment that
has resulted from an overabundance of P in certain agricultural sectors. It is estimated that less than 20%
of mined fertilizer P reaches the food products consumed and only 10% of the P in human wastes is recycled
back onto agricultural land.
BLUE - GREEN PARADOX
An increasingly affluent population is becoming more demanding of cheap, reliable food sources and
wanting inexpensive clean, safe water for many essential and recreational uses. As we move from nutrient
management that improves crop production to the water quality arena, we face many challenges in
balancing competing demands for protecting and restoring water quality and aquatic ecology, with
sustainable and efficient agricultural production. It is important to recognize that market prices do not
always motivate farmers to manage nutrients in an environmentally sustainable way. Consumers can be
given a choice about which products they buy, with premiums paid to farmers who provide more
environmentally friendly products.
However, after the low-hanging fruit of remedial measures are adopted, remaining Conservation
Programs (CPs) becomes increasingly less cost beneficial and raise the old dilemma “who benefits and who
pays?” Also, what level of water quality, or designated use, are we willing to accept in catchments with
intensive land-use changes? There are many cases where water quality and P reductions goals have been
set and subsequently not met. This is usually due to intensive productive agriculture and urban activities
occurring within leaky catchments with altered hydrology. That is not to say that ‘realistic’ water quality
goals cannot be achieved. From the preceding discussion and examples, clearly practices are available that
can minimize P runoff from productive agriculture in both the short and long term. However, they will not
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eliminate losses, and as recent studies in the Lake Erie Basin have shown, small losses of P (<1
kg/ha/yr) can still accelerate eutrophication; and those losses must be managed.
CONSERVATION LEGACY P PARADOX
Many conservation practices have been implemented to retain (e.g., no-tillage, cover crops, contour
plowing, ridge tillage) and trap P (e.g., buffer strips, riparian zones, wetlands) on the landscape rather than
enter waterways. Yet, the capacity of those practices to retain is finite and there are more and more examples
of conservation practices transitioning from P sinks to P sources. Research that better quantifies the sinks
and sources of nutrients as they are transported through a watershed, and the legacies and lags from past
land use, will help develop realistic expectations for CP use and the timescales for aquatic ecosystem
recovery.
SOIL HEALTH PARADOX
Many important NRCS initiatives are promoting improved soil health as a major goal of future agricultural
management practices. However, claims that improved soil health can eliminate nutrient runoff and
leaching are misguided. For instance, practices such as no-till can lead to a surface accumulation of applied
P, which can enrich dissolved P runoff, as well as a greater potential for leaching through intact macropores,
unless there is either a concomitant change in fertilizer and manure management or occasional soil
destratification. With the push for more widespread CP adoption, these need to be based on field
documentation.
The unintended consequences of certain CPs designed to either limit erosional loss of P or retain P on
the landscape, need to be recognized when developing sustainable on-farm conservation strategies. In
reality, there are no magic silver bullets when it comes to limiting P loss. While long-term monitoring in
Maumee and Sandusky watersheds of the Western Lake Erie Basin document dramatic total P reductions
with reduced tillage, the loss of more environmentally reactive dissolved P has increased.
THE GRAIN FOR FUEL PARADOX
With increasing pressures to meet biofuel mandates, 42 and 25% of the corn and soybean grown in the U.S.
was used to produce biodiesel in 2012. In some areas, the Conservation Reserve Program (CRP) and
environmentally sensitive lands were allowed to go back into grain production; large tracts of land have
been tiled drained, increasing source areas and connectivity of soils directly to streams and bypassing the
soil matrix where P might have otherwise been sorbed; and in other areas crop residue is removed as
biomass fuel, increasing the potential for runoff and erosion.
CONCLUSIONS
As phosphate rock resources become more expensive to extract and refine, new methods will develop for
the concentration and recovery of P from current waste streams and manures. This includes struvite
generation and use of amendments that can bind and precipitate P from manures of varying organic matter
and liquid contents. With an increase in the cost of refined mineral fertilizer P, methods for recovered P not
currently profitable will develop. Thus, new technology to recover P from manures needs to be explored,
developed and refined. Clearly, it is not a question of if these technologies will be needed, but when.
Finally, education and outreach of P conservation strategies across field to global scales for diverse
stakeholders must emphisize the importance of recognizing possible tradeoffs between maximized
production and water quality and the need for sustainable P management.
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